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SUMMARY 


< 


Acute  respiratory  disease  (ARD)  is  a  major  problem  in  the  military,  particularly  among  re- 
crults,  where  the  prevalence  of  ARD  is  high  during  the  first  few  weeks  of  recruit  training.  This 
clustering  of  ARD  early  in  recruit  training  supports  the  hypothesis  of  infection  from  a  common 
source.  Incoming  Navy  recruits  go  to  a  central  processing  area  and  this  contact  could  allow  the 
spread  of  a  large  variety  of  infectious  agents  among  individuals  who  have  come  from  all  areas  of 
the  U.S.  Intensive  studies  to  Isolate  Infectious  agents  (both  bacterial  and  viral)  from  Navy  re¬ 
cruits  with  ARD  resulted  in  identification  of  a  causative  agent  in  approximately  one-half  of  these 
symptomatic  recruits. 

Our  study  evaluated  lymphocyte  transformation  and  response  to  skin  test  antigens  during  the 
first  15  days  of  recruit  training.  The  data  revealed  a  decreased  24  hour  reaction  to  skin  test 
antigens  from  Day  1-5  of  recruit  training.  Response  to  skin  test  antigens  were  normal  from  Day 
9-15  of  training.  Lymphocyte  transformation  remained  normal  through  Days  1-5  but  significantly 
decreased  as  Illness  scores  increased. 

This  impairment  of  the  immune  system  may  play  a  role  in  the  recruits'  increased  suscepti¬ 
bility  to  ARD.  The  possible  relationship  between  the  moderate  decrease  in  Immune  competence  and 
the  stress  the  Individual  experiences  during  the  transformation  from  civilian  to  military  environ¬ 
ment  requires  further  study. 
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The  high  incidence  of  respiratory  infections  during  the  early  phu  *‘i  rerair  < joining  has  been 
observed  in  both  war  and  peace  time  training  of  military  personnel  (l,/,i,4.j).  'I ! » i ? -  to  liave  a 

clear  explanation  in  that  young  men  and  women  are  brought  together  tn-.i.  diii  *to:  par's  im  coun¬ 

try,  exposing  each  other  to  a  variety  ot  microbial  agents  ugain-*t  w.i-h  •  1r •■.  «.«  -i  *  M  Mr  niLur.il  or 
acquired  resistance.  This  concept  of  the  Infection  process  an  uu  with  ii  i  h«-  sumpt  o  n  that  re¬ 
sistance  to  the  infectious  agents  within  and  around  us  is  mediated  hv  .  .mum  met  haa i .  ui. .  Therefore, 
any  specific  antibody  deficiency  will  lead  to  an  increase  in  sus.  ept  li»  *  1  i  t  :*<  tiios**  imeitious  agents 
for  which  immunity  is  lacking.  The  assumption  that  immune  mechanism'  .»  m  i  e^p.<n.  u-  U*  lor  suscepti¬ 
bility  (or  resistance)  to  infectious  agents  is  validated  by  cxper  i  ia-.  nt  *.  ot  u.ituie  '  immune  deficiency 
disorders)  (6,7)  and  observed  in  experimental  studies  in  aminals  and  m. m  a  i  «  u  1 1  <>i  pontaneous  or 

induced  immune  deficiencies  (8,9,10). 

In  studying  respiratory  infections  in  a  recruit  population,  m*ai  I  •  •  •  -lul.  <*t  r*  <  :  u  i  t reporting 
with  respiratory  complaints  were  found  to  be  “free11  of  any  ({dentil  iubli)  ive  m  (1).  Jhese 

data  suggest  factors  other  rlian  the  acquisition  of  (recognizable;  mici%dr-i  .i-.’outs  .is  iuse/t  i  : er t  . 

This  lack  of  a  causative  agent  raises  a  question  as  to  other  causes  of  r»  :pii.>toi",  complaints  in  a 
population  that  appears  to  be  free  of  disease  producing  agents  wulelv  i  *>gr.i/td  is  associated  will* 
respiratory  illness.  It  is  possible  that  either  a  new  agent  or  agents  are  i «.:spon»- ihle  f.i  the  ill¬ 
nesses.  Alternatively,  organisms  of  low  virulence  which  arc  not  norma! i<  associated  with  clinical  dis¬ 
ease  may  become  pathogenic  (opportunist ic  pathogens)  to  a  human  host  at  u  time  wiieo  the  host  is  ex¬ 
periencing  impaired  resistance.  Thus  the  laboratory  falls  to  idem  i tv  ot her  than  normal  flora  Lending 
to  the  mystery  of  the  cause(s)  of  these  illness  episodes.  It  has  been  shown  main  times  in  mimals 
and  humans  (11,  12,  13)  that  "stress*1  markedly  increases  susceptibility.  Whether  adaptation  stress 
plays  a  role  in  recruit  Illnesses  is  yet  to  be  proven,  although  it  is  an  aft  j  olive  hypothesis  (1 4). 

The  present  study  was  an  effort  to  determine  some  of  the  biological  mechanisms  winch  might  lead  to 
a  better  understanding  of  the  high  degree  of  recruit  susceptibility  to  respiratory  illnesses  in  the 
early  phase  of  recruit  training.  The  data  suggests  a  sluggish  antigen  recognition  system  during  the 
first  5  days  of  training  as  demonstrated  by  a  tempered  response  in  coll  mediated  immune  reactions. 

MATERIALS  AND  METHODS 

Men  arrived  daily  at  the  Navy  Recruit  Training  (’enter  in  (Dent  l.nkt  . ,  111  in-,  is. 

The  first  phase  of  this  study  was  to  determine  daily  leukocyte  hi. ml  nuts  on  Hi  recruits  from  a 
single  company  for  the  first  10  days  after  reporting  for  recruit  trainin';  and  again  at  day  28.  This 
pilot  study  was  made  to  obtain  a  base  line  leukocyte  count  over  tlu  porin'  of  i.  i  «n<  during  which  "expo¬ 
sure"  to  various  Infectious  agents  might  occur  due  to  the  intermix  during  in  run  processing  and 

company  formation. 

The  second  phase  of  the  study  spanned  a  period  of  7  weeks.  Eiglu  i*.  twit  <  . Miipan ies  made  up  the 
study  population.  Each  company  was  made  up  of  from  70-90  men.  btudy  comj on im.  At  re  randomly  selected 
with  a  bias  toward  selecting  a  company  either  Monday  through  Wednecd.r  *.i  ih.it  >  1  hour  interviews  could 
be  held  without  weekend  interference.  A  study  "company  day"  was  initiated  at  ->itn  iK-  •!  ivs  of  train¬ 
ing  from  day  1  through  day  15  (with  a  study  company  at  any  given  training  d  »■  .1  tidied  ii  n  .id.eied  to  be 
"representative"  of  the  physlologlcal/psychological/illnesses  experience  during  early  recruit  training) 
Each  man  of  the  study  company  was  interviewed  regarding  upper/lower  respite:  ,  complaints  (cough,  sore 
throat,  nasal  discharge,  congestion,  headache,  effects  on  speaking  vni«o».  pa  r  bi-ioiv  «n  irequent 
upper  respiratory  infections  (UR1),  present  or  history  of  "athletis  toot",  hi  t  ->i\  *1  mump',  boils,  or 
allergies. 

Sampling :  Approximately  5  cc  of  blood  was  collected  i  roro  each  i  ■*  mp.aiv  lender  it,  \  h  D  vacutainer 
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containing  0.4  ml  of  15%  EDTA  for  total  leukocyte  and  differential  leukocyte  count.  Also,  10  persons 
from  each  company  were  randomly  selected  for  lymphocyte  transformation  (LT)  studies  (15).  From  these 
individuals  an  additional  20  ml  of  blood  was  obtained  in  a  vacutainer  with  heparin.  Oral  temperatures 
were  also  taken  at  this  time. 

Leukocyte  Counts:  Leukocyte  counts  were  made  in  duplicate  in  a  Coulter  Counter  (Model  F)  and  dif¬ 
ferential  counts  were  made  after  Wright  staining. 

Skin  Testing:  To  determine  the  status  of  delayed  hypersensitivity  reactivity,  4  antigen  prepara¬ 
tions  were  given  intradermally .  Mumps  and  mumps  placebo  were  purchased  from  Eli  Lilly  &  Co.,  Candida 
and  trichophyton  antigens  (Holl ister-St ier  Laboratories).  Candida  was  used  diluted  1:100  and  tricho¬ 
phyton  was  used  diluted  1:50,  0.1  ml  of  each  antigen  preparation  was  administered  to  each  volunteer  in 
a  random  pattern  on  the  volar  aspect  of  the  left  forearm.  The  pattern  was  randomized  by  computer  and 
after  the  antigens  were  given,  no  one  knew  the  pattern  that  might  have  been  given  to  any  individual. 
Observation  and  measurement  of  the  reactions  (erythema  and  induration)  ware  made  at  24  and  48  hours. 

A  medical  questionnaire  was  completed  and  temperatures  taken  at  these  intervals. 

Interpretation  of  Skin  Test:  Reaction  to  mumps  skin  test  antigen  (induration)  of  0  through  7  mm 
were  considered  negative,  8  and  above  were  considered  positive.  Induration  due  to  Candida  or  trlco- 
phyton  testing  was  recorded  as  measured. 

Illness  Scores;  Health  Status  interview  cards  were  administered  and  weighted  as  follows: 


Temperature 

3 

points 

Sore  Throat 

1 

point 

Cough 

1 

point 

Productive  Cough 

2 

points 

Coryza 

1 

point 

Headache 

1 

point 

Abnormal  Voice  Tone 

i 

point 

RESULTS 


The  results  of  the  daily  WBC  counts  of  30  men  for  the  first  11  days  and  again  for  day  28  of  re¬ 
cruit  training  are  shown  in  Fig.  I,  While  the  average  count  at  the  earliest  stage  of  recruit  training 
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FIGURE  1 

Total  mean  leukocyte  count  of  30  recruits  in 
early  phase  of  recruit  training. 
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(day  1)  averaged  7,200/mm  (range  5400-12,400),  there  appears  a  precipitous  fall  by  day  2  Lhrough  day  h. 

The  average  count  at  day  2  was  5200  (range  2499-8600).  Nine  of  the  iO  men  (J0Z)  had  a  count  of  less 
3 

than  4000/mm  by  day  3  of  testing.  This  modest  leukopenia  remained  for  4  days,  after  which  the  average 
count  "rebounded1*  to  above  the  original  average  count  and  then  to  near  the  initial  tonal  by  day  lit. 

The  illness  score  data  for  the  8  companies  studied  are  shown  in  1  ig .  2.  While  approximately  1 5? 
of  the  men  reported  to  recruit  camp  with  URI ,  It  can  be  seen  tlut  these  symptoms  increase  in  severity 
after  the  first  week  of  training  and  may  not  have  maximized  by  tin-  end  of  our  study  (15th  dnv  of  train¬ 
ing)  . 


Company  Nvmbor  577/  5159  S?3?  5T07  5191  5155  511?  5160 

Ooy  of  Training  I  3  5  7  9  l)  II  15 


FIGURE  2 

Illness  scores  of  recruits  by  day  of  training 

The  skin  test  response  to  mumps  antigen  at  24  and  48  hours  is  shown  in  Fig.  3  and  4.  As  shown, 
the  men  making  up  the  companies  during  day  1,3,  and  5  days  of  training  showed  a  significantly  smaller 
reaction  (enduration)  (p*  <0.01)  at  the  24  hour  reading  compared  to  those  in  companies  that  were 
tested  at  the  7th  through  the  15th  day  of  training.  However,  as  shown  in  Fig.  3,  the  recruits  in  the 
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FIGURE  3 


A  comparison  of  the  responses  to  mumps  skin  test  antigen 
at  24  and  48  hrs.  Readings  for  days  1-5  at  the  24  hr 
period  are  significantly  different  titan  the  readings  at 
days  7-15. 
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FIGURE  4 

Percent  of  test  subjects  reacting  to  mumps  skin  test 
antigen  by  day  of  training. 


1-5  day  companies  showed  a  reaction  equal  to  the  recruits  from  the  7-15  day  companies  at  the  48  hour 
reading.  This  suggests  that  the  immune  system  of  these  individuals  was  under  some  state  of  depres¬ 
sion  or  that  the  immune  system  did  not  easily  recognize  an  antigen  which  was  recognized  by  those  re¬ 
cruits  tested  from  7-15  days  of  training  within  the  24  hour  time  frame.  This  is  supported  by  the 
data  in  Fig.  4  comparing  the  percent  of  men  reacting  to  mumps  skin  test  antigen  at  24  and  48  hours. 

This  reduced  response  for  the  24  hr  reading  during  the  first  5  days  of  recruit  training  was  also  ob¬ 
served  for  the  antigems  Candida  and  tr  ic  hophyton . 

To  determine  if  the  difference  seen  in  skin  reactivity  was  due  to  the  health  status  of  recruits 
(illness  score  vs.  skin  reactivity),  men  without  illness  scores  (score  of  3  or  less)  and  men  with  ill¬ 
ness  scores  (score  of  4  or  more)  in  companies  5159  (day  3)  and  5160  (day  15)  were  compared.  Analysis 
was  made  by  dividing  the  size  of  induration  into  3  groups;  0-7  mm;  8-17  mm;  and  ''  17  mm  (Table  I). 

The  difference  between  the  day  3  trainees  and  dav  15  trainees  was  highly  significant  (P  ■  <  0.001). 

Note  that  the  company  5159  was  heavily  weighted  in  the  smaller  size  (  <7  mm)  reaction  size  group. 

While  the  numbers  were  small,  the  data  suggest  that  a  recruit  in  the  early  phase  of  training  did  not 
recognize  or  respond  to  an  antigen  to  the  degree  that  a  recruit  responds  after  the  first  week  of  train¬ 
ing.  To  test  the  effect  of  "illness"  vs  "well"  on  the  response  to  mumps  skin  testing,  we  compared  the 
reactions  of  those  recruits  who  were  considered  "ill"  to  those  who  were  considered  "well"  for  each  of 
the  test  days.  This  comparison  is  shown  in  Fig.  5.  It  is  clear  from  this  data  that  the  reduced  skin 
reactivity  observed  in  early  training  can  not  be  attributed  to  an  ongoing  illness  episode. 

The  data  from  the  LT  study  made  on  the  randomly  selected  10  men  from  each  company  are  shown  in 
Fig.  6.  The  men  in  the  early  stages  of  training  had  a  significantly  higher  LT  response  when  stimu¬ 
lated  with  phytohemagglut in in  than  the  men  f ram  days  11  to  15  (p  *  *  0.01).  The  early  training  LT  re¬ 
sponse  was  similar  to  the  response  of  two  normal  controls  used  throughout  the  study.  The  reduced  LT 
level  of  transformation  in  the  training  period  from  7-15  days  lias  an  inverse  relationship  to  the  ill¬ 
ness  scores  (Fig.  2).  This  suggests  that  the  (imparled)  recognition  of  antigen  from  days  1-5  was  not 
due  to  a  compromised  lymphocyte  blastogenesis  capability  as  judged  by  their  lymphocyte  response  to 
phytohemagglutinin.  The  data  shows  a  reduced  blastogenesis  alter  day  7  which  corresponds  to  the  in¬ 
creasing  evidence  of  Illness  in  the  population  shown  by  the  illness  scores  (Fig.  2). 


6 


mhM i 


TABLE  I 

24  hour  Induration  Reading 

Sick 

Recruits 

Day  3 

Company 

Day  13 

Induration 

Number  5159 

5160 

0*7  mm 

observed  8 

10 

expected  45 

13.5 

8*17mm 

observed  2 

19 

expected  5.25 

1575 

>  17mm 

observed  0 

1 

expected  0. 25 

0.75 

X2=  6.6454 

P=  0.03 

“  V*ll " 

Recruits 

0-7  mm 

observed  61 

17 

expected  48-91 

29  02 

8-17mm 

observed  8 

22 

expected  18-8 

11.16 

>  17mm 

observed  0 

2 

expected  1.25 

0  74 

i 

X2  =  28.096 

48  HOUR 

P=  <0.001 

Cxwpawy  nwmbvf  3737  5159 

D»y  Of  troiA»ng  I  3 


FIGURE  5 

A  comparison  of  skin  tests  to  mumps  antigen  between  men  who  were 
ill  ( - )f  well  <— -)  and  both  111/weil  (— — )  . 
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FIGURE  6 

Lymphocyte  transformation  response  to  phy tohemagglut inin  stimulus 
of  10  men  from  each  company  studies  ( compared  to  normal 
controls  (••“•")  . 

DISCUSSION 

In  recent  years,  increasing  interest  has  been  shown  in  the  effect  of  stress  on  illness  (12,16,17). 
The  experiments  in  the  NASA  Skylab  Program  demonstrated  depression  of  lymphocyte  transformation  and 
rosette  formation  on  the  day  of  splashdown  (18).  Retrospective  investigations  of  bereavement  and  other 
severely  stressful  situations  have  been  claimed  to  show  an  association  between  stress  and  many  dis¬ 
eases  (19,20).  In  a  prospective  study  on  the  behavioral,  endocrinological  and  immunological  conse¬ 
quences  of  bereavement,  it  was  found  that  lymphocyte  blastogenesis  in  response  to  phytohemagglutinin 
was  significantly  depressed  two  weeks  after  bereavement  (21).  Viral  infections  and  immunizations  have 
also  been  shown  to  suppress  cell  mediated  Immunity  in  humans  (22,23,24,25,26).  Von  Pirquet  observed 
that  children  lost  their  skin  reactivity  to  tuberculin  a  few  days  prior  to  the  exanthem  of  measles, 
with  a  gradual  return  to  positive  reactions  5-10  days  after  the  rash  subsided  (27). 

The  purpose  of  the  present  study  was  to  better  understand  the  reason(s)  for  the  excess  amount  of 
illness  seen  in  early  recruit  training.  The  question  of  whether  causes  other  than  microbial,  such  as 
a  reduced  immunocompetence ,  as  a  consequence  of  the  requirements  of  adaptation  to  the  new  social  en¬ 
vironment  of  recruit  training,  may  play  an  important  role  in  UR1  is  an  intriguing  one.  If  the  illness 
observed  in  early  recruit  training  was  a  cause/effect  of  the  spread  of  microbial  agents,  there  should 
have  been  a  seasonal  or  epidemic  pattern  to  the  morbidity  seen.  Except  for  influenza  epidemics,  such 
patterns  were  seldom  observed.  There  appeared  a  uniform  excess  of  respiratory  illnesses  during  the 
first  3  weeks  of  recruit  training,  winter  or  summer.  This  suggests  that  other  factor(s)  may  be  im¬ 
portant  in  the  recruit  becoming  ill  early  in  training.  The  (Impaired)  immune  response,  as  suggested 
by  the  retarded  skin  responses  to  the  3  antigens  administered  during  this  study,  may  be  a  "permissive 
factor"  for  the  high  incidence  of  respiratory  complaints,  or  to  increased  susceptibility  to  "normal 
flora"  In  the  early  stages  of  recruit  training  since  only  about  50%  of  the  respiratory  infections 
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could  he  associated  with  a  known  disease  producing  agent.  13  i  1 1 1  rent  i.il  ex.iiti  iu.it  iou^  oi  blood 
failed  to  reveal  signil  ioant  alterations  in  leukocyte  ( 1  vitiphocyte/neut  i  ophi  I )  propor*  tons  eitlui  prior 
to  recruit  training,  during  the  first  5  days  of  recruit  training,  or  after  t  lu  leukocyte  count  ic- 
turned  to  a  normal  range.  However,  the  moderate  leuropenia  observed  during  t  lie  I  iisi  5  days  reciult 
training  suggests  an  alteration  in  this  homeostasis  network. 

It  lias  been  reported  that  psychoiogica  1  ly  vulnerable  individuals  are  more  like!'  to  seek  medic.*! 
attention  than  those  judged  non-vulnerabl e  (28).  It  would  ippear  from  our  observations  (tint  the  re¬ 
sponse  to  "stress'  in  the  early  days  of  recruit  training  may  increase  susceptibility  (vulnerability) 
because  of  the  immuno-depressed  state  that  our  study  indicates,  which  may  become  the  predisposing 
factor  to  excess  URI  episodes  seen  in  recruit  populations.  This  study  gives  additional  support  to 
the  hypothesis  that  alterations  in  social  situations  and  the  coping  process  may  liave  a  direct  effect 
upon  susceptibility.  The  concept  that  psychosocial  factors  may  be  predisposing  for  an  individual  to 
become  ill  (13,28),  our  data  and  that  of  others  (29),  suggest  that  one  of  the  events  of  this  predis¬ 
position  may  be  a  depressed  immunocompetent* e . 
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